Transportation network system plays a vital role in post-earthquake emergency, recovery, and reconstruction stage, as well as in normal situation. In recent earthquake disasters, especially in urban region, traffic capability was significantly reduced due to physical damage to transportation facilities and a surge of emergency traffic needs, resulting in degradation of urban activities and failure in post-earthquake effort. It is, therefore, a key issue to upgrade transportation network performance in earthquake disaster with better understanding on the system behavior of transportation network. The objective of this study is to develop a comprehensive model of physical and functional performance of transportation network subject to seismic failure. To enable this, contributions from various fields of engineering is necessary; multi-disciplinary effort will be made to integrate expertise in earthquake engineering, transportation engineering, and system reliability engineering.
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1) Development of fragility relations for transportation facilities
The first stage of this study is particularly essential for the whole process of performance assessment of transportation network under seismic environment. Fragility relations representing the relationship between seismic intensity and physical and functional performance of structural components constituting the highway network are developed. To incorporate the effect of various sources of uncertainty, fragility relations inherently take the form of probability-based description. First, damage of highway structures of Hanshin Expressway in the 1995 Hyogo-ken Nanbu Earthquake are investigated. For the purpose of fragility relation development, it is necessary to cover wide area including both Kobe and Osaka district where "very intensive" to "moderate" ground motion was recorded. Next, a database of physical and functional damage of highway structures and relevant ground motion intensity is compiled for various types of structures. Statistical analysis is then employed to derive a family of fragility relations that provide probability of occurrence of arbitrary level of damage and time dependence in recovery process corresponding to arbitrary level of ground motion intensity.
2) Development of assessment model of functional performance of transportation network
Different from utility lifelines, post-earthquake performance of transportation network system is very complex, because (i) traffic flow comprises various O-D (origin / destination) trips, and (ii) traffic behavior depends on flow conditions such as travel time and trip length. In this study, a three-step algorithm to evaluate the post-earthquake functional performance of transportation network is proposed. The method includes procedures (a) to generate a number of damage patterns, (b) to load the network with O-D trips using the incremental assignment method, and (c) to assess the network performance in terms of aggregate and disaggregate attributes related to links, cross-sections, centroids, O-D pairs, and the total network.
3) Case study of simulation and evaluation of transportation network performance
The flow chart summarizing the process of the case study is shown in Fig.1 . First, an earthquake motion prediction model is used to obtain a map of spatial distribution of ground motion in terms of various types of intensity measures such as PGA, PGV, SI, etc. The digital map of transportation network is then superimposed upon the intensity map on GIS. By combining these two with fragility relations, a set of damage probability of network components is obtained for the scenario earthquake under consideration. On this basis, damage patterns of transportation network are generated by either probabilistic or deterministic way. The following procedures of traffic assignment and performance assessment provide average values, distributions and correlation of aggregate / disaggregate attributes which describe the traffic behavior under seismic risks. 
